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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a dimmer for 
fluorescent lighting systems, and more particularly to a 
dimmer which controls the AC current from the power 
line to vary the output intensity of a fluorescent lamp 
having a magnetic ballast. 

BACKGROUND OF THE INVENTION 

[0002] One way of controlling escalating energy costs 
is by limiting energy consumption. In a modern office 
building, the principle energy consumers are lighting 
and heating and cooling. To conserve energy, the ther- 
mostat is "turned back" and the lighting is reduced dur- 
ing non-office hours. Reducing the energy consumption 
from lighting essentially involves dimming the lamps or 
turning off selected lamps. To conserve energy during 
non-office hours, most banks of lamps on a floor are 
turned off, with a few banks of lamps being left on to 
provide some lighting for security. The other approach 
to conserving energy consumption involves dimming 
the fluorescent lamps during non-office hours. As a re- 
sult of being dimmed less power is consumed, while at 
the same time a minimum light level is maintained for 
security purposes. 

[0003] In a typical office building the lighting system 
comprises banks or groups of fluorescent lamps. A flu- 
orescent lamp is a type of lamp in which light is gener- 
ated by fluorescence. The most common form of fluo- 
rescent lamp comprises a gas-discharge tube which 
contains a low-pressure gas such as mercury. The inner 
surface of the tube is coated with phosphor and when a 
current passes through the tube a discharge results and 
the ultraviolet radiation produced strikes the phosphor 
which then emits visible radiation. To start the discharge, 
i.e. turn on the lamp, the current must be provided at a 
sufficiently high voltage level, and typically a form of bal- 
last circuit is utilized to produce the discharge current. 
[0004] Compared to incandescent lamps, fluorescent 
lamps present special problems with respect to dim- 
ming. Various solutions have been proposed for dim- 
ming fluorescent lamps, including a magnetic ballast, an 
electronic ballast, and an electronically tapped voltage 
transformer. 

[0005] The magnetic ballast solution produces a high 
voltage when there is no discharge in the lamp (i.e. the 
lamp is not conducting) and also feeds a "cathode heat- 
er circuit". When the arc (i.e. discharge) starts in the 
tube, the voltage at the output of the secondary winding 
on the ballast collapses to a level which is necessary to 
sustain the arc. The ballast absorbs, i.e. through its in- 
ductance, the excess voltage from the power source. 
There have been several dimmers proposed in the art 
based on the variation of the voltage controlling the dis- 
charge in the lamp, but none of these solutions have 



achieved any commercial success. 
[0006] Another type of known dimmer for fluorescent 
lamps is based on an electronic ballast. The electronic 
ballast generates a rectified DC voltage from a power 

5 source and injects a resonant current into the lamp tube. 
The resonant current has a relatively high frequency 
(typically 20 kHz) and as a result special tubes are re- 
quired for the fluorescent lamps. Each lamp requires an 
electronic ballast. The electronic ballast is modified for 

10 dimming control by providing a variable DC voltage. 
[0007] US-A-5 371 440 discloses a high frequency 
miniature electronic ballast with low radio frequency in- 
terference. 

[0008] In view of the shortcomings with the state of art 
is devices, there remains a need for a dimmer for use with 
fluorescent and other types of gas discharge lamps. 

BRIEF SUMMARY OF THE INVENTION 

20 [0009] The present invention provides a current con- 
trolled dimmer for fluorescent lamps. The current con- 
trolled dimmer generates a feedback controlled current 
signal output with a waveshape which follows the volt- 
age drive signal for the lamp. By varying the amplitude 

25 of the current output signal, the output intensity of the 
fluorescent lamp can be decreased (i.e. dimmed) or in- 
creased (i.e. intensified). According to the invention, the 
voltage drive signal across the lamp electrodes (i.e. bal- 
last) is kept constant and a constant heating current is 

30 maintained so that the lamp can respond almost instan- 
taneously to an increase in the amplitude of the current 
signal. 

[0010] In accordance with the present invention, the 
current signal output is obtained by modulating the AC 

35 line (i.e. drive) voltage to generate an AC current signal. 
The current controlled dimmer utilizes a feedback con- 
trol loop which applies proportional/integral (PI) control 
to the PWM control signal to superimpose a fast re- 
sponse (e.g. 2 kHz) overthe steady state base chopping 

*o rate. Advantageously, this feature eliminates noticeable 
flicker in the lamp output. The generated AC current sig- 
nal output has a quasi-sinusoidal waveform which fol- 
lows the sinusoidal voltage waveform over the range of 
operation. 

4 5 [0011] In one aspect, the present invention provides 
an apparatus for controlling the output intensity level of 
a gas discharge lamp having a magnetic ballast accord- 
ing to the appended claim 1 . 

[0012] In another aspect, the present invention pro- 
50 vides a method for controlling the output intensity level 
of a gas discharge lamp having a magnetic ballast ac- 
cording to the appended claim 16. 
[0013] Advantageously, the current controlled dim- 
mer according to the present invention provides the fol- 
55 lowing beneficial features. Current control of the lamp 
output suppresses flicker which results in a steady light 
emission from the lamp. The constant light emission, in 
turn, produces a perceived brighter output even though 
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the lamp is powered at a lower level. Operation at less 
than full power (e.g. 80%) Improves the operating life of 
the ballast in the lamp by reducing excess heating. Fur- 
thermore, the balancing of the current signal also reduc- 
es overheating in the ballast and eliminates harmonics. 
It has been found that the injection of even order har- 
monics can be particularly detrimental to the longevity 
of the ballast in a fluorescent lamp. In addition, the slight 
lag in the current feedback produces a phase advance 
in the current signal which allows the power factor to be 
maintained above 0.9. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Reference will now be made to the accompa- 
nying drawings which show, by way of example, pre- 
ferred embodiments of the present invention, and in 
which: 

Fig. 1 shows in block diagram a current controlled 
dimmer for a fluorescent lamp; 

Figs. 2(a) to 2(f) are timing diagrams for signals as- 
sociated with the current controlled dimmer of Fig. 
1; 

Fig. 3 is a schematic diagram of a power stage for 
the current controlled dimmer of Fig. 1 ; 

Fig. 4 is a schematic diagram of a firing logic stage 
for the current controlled dimmer of Fig. 1 ; 

Fig. 5 is a schematic diagram of a control circuit 
stage for the current controlled dimmer of Fig. 1 ; 

Fig. 6 is a block diagram of a current controlled dim- 
mer according to another embodiment of the 
present invention; 

Fig. 7 is a schematic diagram of a power and driver 
stage for the current controlled dimmer of Fig. 6; 

Fig. 8 is a schematic diagram of a PWM gate gen- 
eration stage for the current controlled dimmer of 
Fig. 6; 

Fig. 9 is a schematic diagram of proportional-inte- 
gral control stage for the current controlled dimmer 
of Fig. 6; 

Fig. 10 is a schematic diagram of a lockout circuit 
for the current controlled dimmer of Fig. 6; 

Fig. 11 is a schematic diagram of an open-loop cur- 
rent controlled dimmer according to another em- 
bodiment of the present invention; 

Fig. 12 is a schematic diagram of the current con- 



trolled dimmer of Fig. 11 with a feedback control 
loop; 

Fig. 1 3 is a schematic diagram showing the relation- 
5 ship between exemplary modulation pattern curves 
and a voltage half cycle for the current controlled 
dimmer according to the present invention; and 

Figs. 14(a) and 14(b) are schematic diagrams 
10 showing alternative implementations for circuitry in 
the current controlled dimmer. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

15 

[0015] As will now be described, the present invention 
comprises a current controlled dimmer as shown in Fig. 
1 and denoted generally by reference 10. The current 
controlled dimmer 10 according to the invention gener- 
20 ates a current signal which follows the shape of the AC 
drive or line voltage signal for a fluorescent lamp. The 
light intensity output of the fluorescent lamp is controlled 
by varying the amplitude of the current signal. The cur- 
rent signal is generated by using a pulse width modula- 
25 tor (PWM) to modulate the AC line voltage. The current 
controlled dimmer 1 0 utilizes a feedback control loop 
which applies proportional/integral (PI) control to the 
PWM control signal to superimpose a fast response (i. 
e. 2 kHz) over the steady state base chopping rate. 
30 [0016] As will be familiar to those skilled in the art, a 
fluorescent light or lamp assembly 1 (Fig. 1) typically 
comprises a magnetic ballast 2 and a pair of glass tubes 
3 and 4. The glass tubes 3 and 4 are typically filled with 
mercury vapour and have a phosphorescent coating on 
35 the inside surface. Excitation of an electrode in each of 
the glass tubes 3,4 with a high voltage causes ionization 
of the mercury vapour and the emission of ultraviolet 
light. The ultraviolet light activates the fluorescent coat- 
ing on the inside surface of the glass tubes 3 and 4. More 
40 specifically, the electrons emitted by the electrode col- 
lide with electrons in the outer rings of the mercury at- 
oms and ultraviolet radiation is produced. The ultraviolet 
radiation, in turn, acts on phosphor crystals applied to 
the inside of the glass wall to produce light. The elec- 
ts trode is connected in series to the magnetic ballast 2. 
The ballast 2 comprises an iron-core inductive element 
which provides the required high starting voltage for en- 
ergizing the electrode while limiting the operating cur- 
rent. 

so [0017] Reference is now made to Fig. 1 which shows 
in block diagram form a current controlled dimmer 1 0 for 
use with a fluorescent light or lamp assembly 1 or a 
group of lamp assemblies, shown individually as 1a, 
1b,... 1n. Each lamp assembly 1 includes a pair of fluo- 

55 rescent tubes 3 and 4, and the magnet ballast 2. The 
lamp assemblies 1 are connected in parallel to the cur- 
rent controlled dimmer 1 0 and dimmer 1 0 is provided for 
each circuit breaker (not shown) which is connected to 
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a group of lamp assemblies 1. For example, for a 15 
Ampere circuit breaker (not shown) ten to twelve lamp 
assemblies 1 (nominally rated at 1 Ampere each) would 
be connected to single current controlled dimmer 1 0. As 
will be described, the current controlled dimmer 10 ac- 
cording to the present invention varies the amplitude of 
the current to the magnetic ballast 2 in order to control 
output intensity of the fluorescent tubes 3 and 4 in the 
lamp assembly 1 . 

[0018] As shown in Fig. 1 , the current controlled dim- 
mer 10 comprises a power stage 12, a firing stage 14, 
and a control circuit 1 6. The ballast 2 in the lamp assem- 
bly 1 is coupled to a live output terminal 1 9 from the pow- 
er stage 12, and the return or neutral line 20 for the AC 
supply or line voltage. The power stage 12 is powered 
by AC line or supply voltage which is connected to live 
1 8 and neutral 20 terminals. The AC line voltage is typ- 
ically 110 or 220 Volts RMS. 

[0019] Reference is made to Fig. 3, which shows the 
power stage 12 in greater detail. The power stage 12 
comprises an AC switching stage 20 and an output 
stage 22. The AC switching stage 20 switches the AC 
line voltage through the load, i.e. lamp assembly 1, in 
response to a modulation or chopping control signal FS 
which is generated by the firing logic stage 14 (Fig. 4). 
The output stage 22 controls the cycling of the current 
signal through the magnetic ballast 2 (Fig. 1) as will be 
described below. 

[0020] The AC switching stage 20 comprises a full- 
wave bridge rectifier 24 and an insulated gate bipolar 
transistor (IGBT) 26. In known manner, the bridge rec- 
tifier 24 comprises four diodes D which are connected 
in a bridge configuration to form two pairs of nodes or 
junctions 26a,26b and 26c,26d. The AC line voltage 
from terminal 18 is applied to node 26a, and the other 
node 26b forms the live output terminal 1 9 which is con- 
nected to the live terminal of the ballast 2 (Fig. 1). The 
return terminal in the ballast 2 is coupled to the neutral 
return terminal 20 through a shunt resistor 29. The shunt 
resistor 29 provides a shunt current output signal RS 
which is utilized by the control circuit 16 as will be de- 
scribed below. The other pair of nodes 26c,26d are con- 
nected across the collector and emitter of the IGBT 26. 
The transistor 26 functions as the actuator for the AC 
switch 20 (i.e. bridge 24). The base of the transistor 26 
receives a chopping or modulation control signal FS 
from the firing logic stage 1 4. To allow for a floating pow- 
er supply, the modulation control signal FS is coupled 
through an opto-isolator 28. The output of the opto-iso- 
lator 28 is coupled to the base of the IGBT 26 through 
a driver 30, such as the IR2121 . The driver 30 provides 
0 to +15V offset for the modulation control signal FS for 
turning the IGBT 26 ON and OFF. The emitter of the IG- 
BT 26 is connected to isolated ground. When the mod- 
ulation or chopping control signal FS is HIGH, the IGBT 
26 is ON and thus the AC switch 20 is closed, and a 
current derived from the AC line voltage will flow through 
the bridge 24 into the magnetic ballast 2 in the lamp as- 
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sembly 1 . Conversely, when the modulation control sig- 
nal FS is LOW, the IGBT 26 is turned OFF and the AC 
switch 20 is opened. However, while the AC switch 20 
is opened, a free-wheeling path across the load (i.e. the 
5 magnetic ballast 2 in the lamp 1 ) has to be established, 
and the AC current through the load is modulated with 
the AC switch 20. 

[0021] As shown in Fig. 3, the output stage 22 com- 
prises a PNP insulated gate bipolar transistor 32 and a 
10 NPN insulated gate bipolar transistor 34. The PNP IGBT 
32 together with a diode 36 are coupled across the load 
(i.e. magnetic ballast 2) as shown. Similarly, the NPN 
IGBT 34 and diode 38 are also coupled across the mag- 
netic ballast 2. The emitters of both the IGBTs 32, 34 
15 are coupled to the neutral line 20 which serves as the 
common ground for the dimmer 1 0. The IGBT's 32, 34 
and associated diodes 36, 38 provide free-wheeling 
paths when the AC switch 20 is open. Since the mag- 
netic ballast 2 comprises an inductive load, a path must 
be provided to remove the energy stored in the ballast 
2 when the switch 20 is open. The IGBT 34 and diode 
38 provide a free-wheeling path for the negative cycle 
of the AC, and the IGBT 32 and diode 36 provide a path 
for the positive cycle. Each of the IGBTs 32, 34 are ac- 
tuated by respective drive circuits 40, 42. The drive cir- 
cuit 40 receives a voltage logic control signal VP gener- 
ated by the firing logic stage 14, and the drive circuit 40 
receives a voltage logic control signal VN, also from the 
firing logic stage 14. The drive circuit 40 comprises a 
level shifter 44 for producing a ± 15V output. The level 
shifter 44 includes a push-pull output circuit 46 which is 
coupled to the base of the IGBT 32. Similarly, the other 
drive circuit 42 comprises a level shifter 48 for producing 
a ±15V output and includes a push-pull circuit 50 cou- 
pled to the base of the IGBT 34. To turn ON the IGBT 
32, -1 5V is applied to the base, whereas +1 5V is applied 
to the base to turn ON the other IGBT 34. 
[0022] Referring stilt to Fig. 3, the insulated gate bi- 
polar transistors 32, 34 and diodes 36, 38 which provide 
the free-wheeling paths in the output stage 22 may be 
replaced by the free-wheel circuits 35a, 35b shown in 
Fig. 1 4(a). The implementation of which will be apparent 
to those skilled in the art. 

[0023] Reference is next made to Fig. 4 which shows 
the firing logic stage 14 in more detail. As described 
above, the firing logic stage 14 generates the modula- 
tion or chopping control signal FS. The modulation con- 
trol signal FS controls the actuation of the AC switching 
stage 20 which in turn controls the amplitude of the AC 
current signal applied to the magnetic ballast 2 in the 
lamp assembly 1 or assemblies 1a to 1 n. In addition to 
the modulation signal FS, the firing logic stage 14 gen- 
erates the voltage logic control signals VP and VN. 
[0024] As shown in Fig. 4, the firing logic stage 14 
comprises a voltage pulse generator circuit 100, a cur- 
rent pulse generator circuit 1 02, a pulse width modulator 
circuit 1 04, a dimmer level circuit 1 06, and an output log- 
ic circuit 108. 
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[0025] The voltage pulse generator circuit 1 00 gener- 
ates the voltage logic control signals VP and VN de- 
scribed above for the power stage 12. The logic control 
signals VP and VN are derived from the AC line voltage 
signal as shown in Figs. 2(c) and 2(d). The logic control 
signal VP corresponds to the positive cycle of the AC 
line voltage V AC , and the logic control signal VN corre- 
sponds to the negative cycle of the AC line voltage V AC . 
As shown in Fig. 4, the voltage pulse generator circuit 
1 00 comprises a signal transformer 1 1 0 having a prima- 
ry coupled to the AC line voltage V AC . The output from 
the secondary of the transformer 1 1 0 is coupled to a volt- 
age follower 1 1 2 through a voltage divider 1 1 3. The volt- 
age follower 112 provides a synchronizing voltage sig- 
nal. As shown in Fig, 4, the output from the voltage fol- 
lower 1 1 2 feeds a first comparator 1 1 4 and invertor 1 1 6 
which generate the positive voltage logic control signal 
VPforthe voltage waveform V AC (Fig. 2(a)). The voltage 
follower 112 also feeds a second comparator 118 and 
invertor 120 which generate the negative voltage logic 
control signal VN for the voltage waveform VAC (Fig. 2 
(a)). The voltage logic control signals VP and VN from 
the generator circuit 1 00 provide inputs to the output log- 
ic circuit 108. 

[0026] The other inputs to the output logic circuit 1 08 
comprise a positive current logic control signal CP and 
a negative current logic control signal CN. The current 
logic control signals CP and CN are used by the output 
logic circuit 108 to generate the modulation control sig- 
nal FS (as will be described below). The current logic 
control signals CP and CN are derived from a condi- 
tioned current feedback signal CFB which is received at 
input 122 from the control circuit 16. Referring to Fig. 5, 
the conditioned current feedback signal CFB is derived 
from the shunt current output signal RS from the shunt 
resistor 29 (Fig. 2). The shunt current signal RS repre- 
sents the current flowing in the load, i.e. the magnetic 
ballast 2. As shown in Fig. 5, the conditioned current 
feedback signal CFB is generated by first converting the 
shunt current RS into a voltage signal using a current- 
to-voltage converter 200. The output from the current- 
to-voltage converter 200 is amplified by a non-inverting 
amplifier 202 with an adjustable gain set by a potenti- 
ometer 203. The output from the amplifier 202 is filtered 
by a second order Butterworth filter 204 comprising am- 
plifiers 205, 206 configured as shown in Fig. 5. The out- 
put from the filter 204 is fed to another inverting amplifier 
208 which is configured with a level shifter comprising 
a potentiometer 209 for correcting offset in the condi- 
tioned current feedback signal CFB. In the present em- 
bodiment, the peak value of the current signal CFB is 
set to approximately 5 Volts. 

[0027] Referring back to Fig. 4, the current pulse gen- 
erator circuit 1 02 comprises a first comparator 1 24 and 
inverter 126 and a second comparator 128 and inverter 
1 30. The conditioned current feedback signal CFB from 
the control circuit 1 6 is coupled to the input of each com- 
parator 1 24, 1 28. The first comparator 1 24 and inverter 



126 are configured to generate the logic control signal 
CP for the positive half -cycle of the AC current waveform 
l AC as shown in Fig. 2(e). Similarly, the second compa- 
rator 128 and inverter 130 are configured to generate 

5 the logic control signal CN for the negative half -cycle of 
the AC current waveform l AC as shown in Fig. 2(f). The 
configuration of the comparators 124, 128 will be within 
the understanding of those skilled in the art. The logic 
control signals CP and CN are used by the output logic 

10 circuit 1 08 as will be described below. 

[0028] Referring again to Fig. 4, the pulse width mod- 
ulator circuit 104 generates a pulse width modulation 
signal PWM which is used by the output logic circuit 1 08 
to generate the chopping or modulation control signal 

'5 FS. The pulse width modulator circuit 1 04 comprises a 
pulse width modulation generator 132. Preferably, the 
generator 132 is implemented using a commercially 
available PWM generator chip, as will be familiar to one 
skilled in the art. In known manner, the PWM generator 

20 1 32 is configured to produce a 20kHz frequency for the 
pulse width modulation signal PWM. A potentiometer 
1 33 is included for adjusting the output frequency of the 
generator 1 32. The pulse width or duty cycle of the pulse 
width modulation signal PWM is determined by a pulse 

25 width modulation level control signal PWMIev. The con- 
trol signal PWMIev is generated by the control circuit 1 6 
as will now be described. 

[0029] Referring to Fig. 5, the control circuit 16 gen- 
erates the modulation level control signal PWMIev from 

30 the conditioned current feedback signal CFB and a de- 
mand adjust signal V ADJ . The demand adjust signal 
v adj represents the desired output level for the lamp 
assembly 1 . The demand adjust signal V ADJ may be set 
manually or automatically, for example, under computer 

35 control as part of lighting control system for an office 
building or plant. As shown in Fig. 5, the demand adjust 
signal V ADJ is set using a manually adjustable potenti- 
ometer 21 0. The potentiometer 21 0 is connected to the 
output of a rectifier 111 (Fig. 4) which is coupled across 

*o the secondary of the transformer 1 1 0 (Fig. 4) to generate 
a rectified voltage reference signal ~V. The output, i.e. 
wiper, of the potentiometer 21 0 is coupled to a voltage 
follower or unity gain buffer 21 2 which provides the out- 
put for the demand adjust signal V^. It will be appre- 

45 ciated that the demand adjust signal V ADJ comprises a 
rectified sinusoidal signal derived from the AC line volt- 
age VAC through the transformer 110 and rectifier 111 
(Fig. 4) the amplitude of which is manually controlled by 
the potentiometer 210. Alternatively, the voltage refer- 

50 ence signal -V may be derived from sinusoidal signal 
tapped from the transformer 1 1 0 and controlled by a var- 
iable gain amplifier (not shown) via a microcontroller in- 
terface (not shown). In another variation, a sinusoidal 
signal locked to the AC line voltage VAC is generated 

55 utilizing a variable amplitude output signal from a micro- 
controller. As shown in Fig. 5, the demand adjust signal 
V ADJ forms one input to an error circuit 214. The other 
input to the error circuit 214 Is derived from the condi- 
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tioned current feedback signal CFB as will now be de- 
scribed. 

[0030] As shown in Fig. 5, the conditioned current 
feedback signal CFB is fed into a precision rectifier 21 6 
which comprises two operational amplifiers 218, 222 
and diodes 220a, 220b configured in known manner. 
The output signal from the rectifier 21 6 is conditioned 
by a voltage follower or unity gain buffer 224 to produce 
a load current output signal ~ C and also provide isola- 
tion. The load current output signal ~C provides the oth- 
er input to the errorcircuit 21 4. The error circuit 214 com- 
prises an operational amplifier 215 which is configured 
in known manner to produce an output signal compris- 
ing the sum of the rectified signal CFB and the demand 
adjust signal V^. The output of the error circuit 214 
provides an error signal En* which represents the differ- 
ence between the desired demand, i.e. signal V^, and 
the actual load current, i.e. signal ~~C. 
[0031] Referring to Fig. 5, the errorsignal Errfrom the 
error circuit 214 is fed to a proportional/integral (P/l) 
feedback control loop indicated generally by reference 
225. The feedback control loop 225 comprises two 
branches: an integral control branch 226 and a propor- 
tional control branch 228. The integral controller 226 
provides a long time constant and is intended to control 
the steady state level of the sinusoidal waveform. The 
integral controller 226 generates a DC base voltage 
which represents the steady state PWM modulation rate 
for the pulse width modulation generator 132. The pro- 
portional controller 228, on the other hand, is used to 
correct errors between the desired demand and the ac- 
tual load current. The proportional controller 228 pro- 
vides the dynamic modulation signal which directs the 
pulse width modulation generator 132 to produce the 
desired sinusoidal shape for the AC current signal l AC . 
The outputs from the integral controller 226 and the pro- 
portional controller 228 are mixed with a ramped signal 
-Pto generate the pulse width modulation level control 
signal PMWIev. 

[0032] As shown in Fig. 5, the proportional controller 
228 comprises first 230 and second 232 inverting am- 
plifiers. The first inverting amplifier 230 includes a po- 
tentiometer 231 for adjusting the gain on the error signal 
Err. The second inverting amplifier 232 further condi- 
tions the error signal Err and produces an error output 
signal which is enabled by (i.e. summed with) the 
ramped signal ~P generated by the start-up chopping 
enable block 106 (Fig. 4). The sum of the error output 
signal and the signal ~P are applied to the negative in- 
put of a PWM mixer 234 which is implemented with a 
differencing amplifier. As shown in Fig. 5, the positive 
input of the differencing amplifier 234 receives the out- 
put from the steady state integral controller 226. 
[0033] Referring back to Fig. 4, the signal ~P is de- 
rived from a chopping (i.e. dimmer) enable signal C enable 
which is generated by a switch SW1 . The chopping en- 
able signal C enabJe is active LOW and chopping is ena- 
bled when the switch SW1 is open. When the switch 



SW1 is closed, the chopping enable signal C enab i e is 
pulled HIGH, and the modulation control signal FS is dis- 
abled (by the output logic 108 as will be described be- 
low) so that the full AC line voltage V AC is applied to the 

5 lamp assembly 1 . The signal -P is generated by utiliz- 
ing an integrator 1 34 to slowly ramp the chopping enable 
signal C enable . As shown in Fig. 4, the ramped signal ~P 
from the integrator 134 is coupled to the negative input 
of the differencing amplifier 234 (Fig. 5) through a unity 

10 gain buffer or voltage follower 1 36. 

[0034] Referring to Fig. 5, the integral controller 226 
provides integral control for steady state conditions by 
generating a DC base voltage which corresponds to the 
steady PWM rate for the PWM generator 1 32. The inte- 
rs gral controller 226 comprises a first inverting amplifier 
236, a second inverting amplifier 238, and an integrator 
240. The error signal Err (i.e. the difference between the 
demand setting V ADJ and the actual load current signal 
-C) is applied to the first amplifier 236 which includes 

20 a potentiometer 237 for adjusting the gain . The error sig- 
nal Err is further conditioned by the second amplifier 238 
before being applied to the integral controller 226. The 
amplifiers 236, 238 and the integrator 240 are config- 
ured in known manner using operational amplifiers and 

25 discrete components as will be within the understanding 
of those skilled in the art. The output of the integrator 
240 is buffered by a voltage follower 242 and coupled 
to the positive input of the differencing amplifier 234 
through a level shifter 244 which allows the level of the 

30 integrated error signal Err to be adjusted. As shown in 
Fig. 5, the level shifter 244 comprises an operational 
amplifier 246 configured as a unity gain amplifier with a 
potentiometer 248 coupled to the non-inverting input of 
the op-amp 246. The pulse width modulation level con- 

35 trol signal PWMIev is generated by the PWM mixer 234 
as the difference between the steady state error signal 
(i.e. the output of the integral control ler 226) and the sum 
of the ramped chopped enable signal — P and the in- 
stantaneous error signal (i.e. the output of the propor- 

40 tional controller 228). The pulse width modulation level 
control signal PWMIev is fed to the PWM generator 1 32 
through a buffer 1 38. It will be appreciated that the pulse 
width modulation level signal PWMIev provides an input 
signal which controls the duty cycle of the pulse width 

45 modulation signal PWM under steady state and error 
conditions. 

[0035] Referring to Fig. 4, the output logic circuit 108 
generates the chopping control signal FS from the volt- 
age logic control signals VP and VN, the current logic 

50 control signals CP and CN, and the pulse width modu- 
lation signal PWM from the PWM generator 1 32. In this 
aspect, chopping or modulation of the AC voltage signal 
V AC is onty allowed when the voltage and current cycles 
have the same polarity. This condition is fulfilled by log- 

55 ically AND'ing the respective voltage logic control sig- 
nals VP, VN and the current logic control signals CP, CN . 
As shown in Fig. 4, the output logic circuit 108 includes 
an AND logic gate 1 40 to logically AND the positive volt- 



6 



EP001 120022 [http://www.getmepa^ 120022.cpc?fromCache=:1part=maintoolbar=bottom] Page 7 of 29 



11 



EP 1 120 022 B1 



12 



age logic control signal VP and the positive current logic 
control signal CP, and another AND gate 1 42 to logically 
AND the negative voltage VN and current CN logic con- 
trol signals. The outputs of the two AND gates 140, 142 
are logically OR'd by OR gate 144 so that either condi- 
tion, i.e. positive polarity or negative polarity, enables 
generation of the chopping control signal FS. The output 
of the OR gate 144 is logically AND'd by gate 146 with 
the output of another AND gate 148. The output of gate 
148 comprises the pulse width modulation signal PWM 
which is enabled by the chopping enable signal C enable . 
Accordingly, the chopping control signal FS is only ac- 
tive when the voltage and current signals have the same 
polarity and the chopping enable is active. 
[0036] Referring still to Fig. 4, the output logic circuit 
108 includes a delay circuit denoted generally by 109. 
The delay circuit 109 serves to force a minimum delay 
for the turn-off time of IGBT 26. As shown in Fig. 4, the 
delay circuit 109 comprises a delay generator 150 and 
an AND gate 152. The delay generator 150 is triggered 
by the rising edge of the output from the AND gate 146. 
The output from the AND gate 1 46 is inverted by inverter 
154 and provides one input to the AND gate 152. The 
other input is the delayed output signal from the delay 
generator 150. Accordingly, the chopping control signal 
FS is delayed by the generator 1 50 for a predetermined 
period. The delay period is based on the turn-off time 
for the IGBT 26 and for the present embodiment is set 
at 5 fisec. 

[0037] In operation, the dimming function is enabled 
by opening the switch SW1 (Fig. 4) and manually setting 
the demand or dimming level for the light assembly 1 
using the potentiometer 210 (Fig. 5). In response to the 
opening of the switch SW1 , chopping is enabled by the 
chopping enable signal C enable , and the demand level 
setting V^ is converted into a pulse width modulation 
level PWMIev (Fig. 5) for the pulse width generator 132 
(Fig. 4). The pulse width generator 132, in turn, gener- 
ates an output signal PWM with the appropriate duty cy- 
cle. The pulse width modulation signal PWM is mixed 
with the output of OR gate 1 44 (derived from the voltage 
logic control signals VP, VN and the current logic control 
signals CP, CN) so that chopping only occurs when the 
cycles in the AC voltage V AC and AC current l AC signals 
(Fig. 2(a)) have the same polarity. In this way, the result- 
ing AC current signal l AC (Fig. 2(b)) is quasi-sinusoidal 
and essentially tracks the AC voltage V AC . If there is a 
change in the demand or an error between the demand 
level and the actual load current, the control circuit 16 
adjusts the pulse width modulation level PWMIev (Fig. 
5) which in turn adjusts the chopping control signal FS. 
Advantageously, the current controlled dimmer 10 sub- 
stantially reduces noticeable flicker in the lamp output, 
and the quasi-sinusoidal shape of the current reduces 
harmonics which are potentially harmful to the magnetic 
ballast 2. In addition, the delay introduced by the pro- 
portional/integral feedback control loop 225 (Fig. 5) re- 
sults in a high power factor, typically 0.9 or better 



[0038] Another embodiment of a current controlled 
dimmer according to the present invention is shown in 
Fig. 6 and depicted generally by reference 300. The cur- 
rent signal is generated by rectifying the AC line voltage 

5 and modulating the rectified voltage by a PWM (Pulse 
Width Modulator) into positive and negative cycles to 
generate a 60 Hz AC current signal. Referring to Fig. 6, 
the current controlled dimmer 300 comprises a power 
output stage 301 , a pulse width modulation (PWM) gate 

10 generation stage 302, a proportional and integral (P/l) 
controller stage 303, a reference demand circuit 304, 
and a lockout circuit 305. 

[0039] The power output stage 301 is coupled to the 
fluorescent lamp assembly 1 (or group of lamp assem- 

' 5 blies a to 1 n) and provides the drive voltage and current. 
The power output stage 301 comprises an IGBT output 
drive circuit 310. The IGBT output drive circuit 310 in- 
cludes four insulated gate bipolar transistors (IGBTs), 
denoted individually as 314, 316, 318, 320, which are 

20 connected in an H-bridge configuration as will be famil- 
iar to those skilled in the art. The first pair of IGBTs 314, 
31 6 are driven by a first IGBT driver 3 1 5, and the second 
pair of IGBTs 318, 320 are driven by a second IGBT 
driver 319. The drivers 315, 319 may be implemented 

25 using a commercially available device such as the 
IR2110 as will be familiar to one skilled in the art. The 
bridge for the output drive circuit 31 0 is supplied from a 
rectified non filtered line voltage ~V. The rectified line 
voltage -V is generated by a line synchronization circuit 

so 312 as shown in Fig. 8. 

[0040] Referring to Fig. 8, the line synchronization cir- 
cuit 312 comprises a transformer 322, having a second- 
ary with a center-tap 323, and a rectifier 324. As shown 
in Fig. 8, the bridge rectifier 324 is connected across the 

35 secondary winding and the center-tap 323 is coupled to 
neutral. The transformer 322 receives the AC line or 
drive voltage V AC which is rectified by the bridge rectifier 
324 to produce the rectified line voltage ~V which pow- 
ers the IGBT bridge in the output drive circuit 31 0. 

40 [0041] Referring to Fig. 6, the PWM gate generation 
stage 302 comprises a pulse width modulation circuit 
332, a group firing pulse circuit 334, and a soft start cir- 
cuit 336, in addition to the line synchronization circuit 
312. As shown in Fig. 8, the line synchronization circuit 

4 5 312 includes a square wave generator circuit 326 for 
generating a square wave signal which is locked to the 
60 Hz line voltage V AC and has a minimum dead zone. 
The square wave generator 326 is implemented in 
known manner and comprises a comparator 327 which 

so is coupled to the output of the transformer 322 through 
a voltage follower 328 and with a level shifter 329. The 
comparator 327 includes a potentiometer 330 for adjust- 
ing the dead zone. 

[0042] The PWM modulation circuit 332 provides 
55 PWM modulation for generating the AC current signal 
for the light assembly 1 . The PWM modulation circuit 
332 as shown in Fig. 8 is implemented in a similar fash- 
ion to the PWM generator 132 (as described above for 
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Fig. 4) using a PWM generator 333 such as the com- 
mercially available SG3526 device. The PWM genera- 
tor 333 is configured to provide a minimum OFF time for 
the IGBT blocking conditions. The modulation frequen- 
cy is set to 20 kHz in order to be above the audible level. 
[0043] The group firing pulses circuit 334 reconstructs 
a positive group signal +Group and a negative group 
signal -Group as shown in Fig. 6. The group firing pulses 
circuit 334 receives the square wave output and square 
wave inverted output from the square wave generator 
326. An implementation forthe group firing pulses circuit 
334 is shown in Fig. 8. 

[0044] The soft start circuit 336 is also shown in Fig. 
8. The soft start circuit 336 generates a soft start enable 
signal 337. On power-up or upon energizing the AC sup- 
ply line V AC , the soft start circuit 336 generates the en- 
able signal 337 which serves to disable all signals for 
the dimmer 300 until the appropriate power supply lev- 
els are reached. As shown in Fig. 8, the enable signal 
337 is logically AND'd with the PWM modulation signal 
by AND gate 339. The soft start circuit 336 also synchro- 
nizes the zero crossing of the voltage to start firing the 
IGBT pairs in the output drive circuit 31 0 only at low volt- 
ages. 

[0045] Reference is next made to Fig. 9, which shows 
the proportional and integral (P/l) controller stage 303 
in greater detail. The P/l controller 303 comprises an 
error circuit 342, a load current feedback circuit 344, an 
integral control loop 346 for the steady state PWM, a 
proportional control loop 348, and a PWM mixer 350. 
The error circuit 342 receives an input from the refer- 
ence demand circuit 304 and another input from the load 
current feedback circuit 344. The reference demand cir- 
cuit 304 generates a rectified sinusoidal demand adjust 
signal V' ADJ having a magnitude corresponding to the 
desired current in the load (i.e. magnetic ballast 2). The 
demand adjust signal V' ADJ provides a reference signal 
from which the magnitude and waveform shape for the 
AC current waveform l AC is derived. The reference de- 
mand circuit 304 is implemented in a fashion similar as 
the circuitry forthe demand adjust signal V ADJ described 
above for Fig. 5. 

[0046] The load current feedback circuit 344 monitors 
the load current (i.e. the current in the magnetic ballast 
2) and is shown in greater detail in Fig, 9. The load cur- 
rent feedback circuit 344 includes a current transformer 
352 which provides an output indicative of the load cur- 
rent. The output current from the transformer 352 is fil- 
tered by a capacitor 354 to reject the high frequency 
noise components while still maintaining a bandwidth of 
5 kHz. The filtered signal is conditioned by an amplifier 
356 and rectified by a precision rectifier circuit 358. The 
precision rectifier 358 comprises operational amplifiers 
360, 362 and diodes 364, 366 which are configured in 
known manner. The level of the rectified signal is con- 
ditioned further and the level adjusted before being out- 
putted as a load current signal C load forthe error circuit 
342. The error circuit 342 generates an error signal Err 
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which is the difference between the actual load current 
(i.e. signal C load ) and the desired demand setting (i.e. 
signal V' ADJ ). 

[0047] The integral controller 346 generates a DC 
5 base voltage which represents the steady state PWM 
modulation rate forthe PWM modulation circuit 332. As 
shown in Fig. 9, the integral controller 346 comprises an 
integrator stage and a clamping circuit which adjusts the 
level of the DC base voltage signal to a level which is 
10 compatible with the PWM chip 333 (Fig. 8). The integral 
controller 346 is implemented in a similar fashion to the 
integral controller branch 226 described above with ref- 
erence to Fig. 5. The PWM mixer 350 mixes the outputs 
from the integral controller 346 and the proportional con- 
's troller 348 and generates an output signal PWM which 
set the modulation level forthe PWM modulation circuit 
332. 

[0048] The proportional controller 348 generates a 
signal which is the error signal Err amplified to an opti- 

20 mum gain level. The output of the proportional controller 
348 provides the dynamic modulation signal which di- 
rects the PWM modulation circuit 332 to produce the de- 
sired sinusoidal shape for the AC current signal. The 
proportional controller 348 is implemented in a similar 

25 fashion to the proportional controller 228 described 
above with reference to Fig. 5. 

[0049] The lockout circuit 305 detects a recovery cur- 
rent in the IGBT bridge 311 (Fig. 7) and locks out the 
control signals from the group firing pulses circuit 334 

30 which, in turn, control the IGBT drivers 31 5 and 31 9 (Fig. 
7) in the driver. It will be appreciated that the purpose of 
the lockout circuit 305 is to prevent "shoot through" in 
the IGBT bridge 311 by allowing recovery currents. The 
lockout circuit 305 is implemented as shown in Fig. 10. 

35 [0050] Reference is next made to Fig. 11, which 
shows a single ballast current controlled dimmer 401 ac- 
cording to another embodiment of the present invention. 
The current controlled dimmer 401 shown in Fig. 11 is 
intended primarily for use with a single magnetic ballast 

^0 402, i.e. one fluorescent lamp assembly 401 comprising 
the magnetic ballast 402 and a pair of fluorescent tubes. 
By equipping each ballast 402 with a single ballast cur- 
rent controlled dimmer 401 , each individual ballast 402 
may be individually controlled in a multiple ballast (lamp) 

45 installation. 

[0051 ] As shown in Fig. 1 1 , the current controlled dim- 
mer 401 comprises an AC switching stage 41 0, a firing 
stage 412, and an output stage 414. 
[0052] The AC switching stage 410 comprises a full- 

so wave bridge rectifier 420 and an insulated gate bipolar 
transistor (IGBT) 422. The bridge rectifier 420 compris- 
es four diodes which are connected in a bridge config- 
uration to form an AC branch 424 and a DC branch 426. 
One terminal of the DC branch 424 is connected to the 

55 collector of the IGBT 422 and the other terminal is con- 
nected to the emitter of the IGBT 422. For the AC branch 
424, one terminal is connected to the AC supply voltage 
(i.e. terminal 1 8), and the other terminal is connected to 
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the load, i.e. input terminal of the magnetic ballast 402. 
[0053] As shown in Fig. 11 , the output stage 41 4 com- 
prises a first capacitor 428, a resistor 429 and a second 
capacitor 430. The capacitor 42B and the resistor 429 
are connected in series and coupled in parallel across 
the ballast 402. The resistor 429 and the capacitor 428 
provide a parallel load for the ballast 402 which permits 
free-wheeling when the AC supply voltage to the ballast 
402 is turned off during the chopping interval. The ca- 
pacitor 428 provides energy transfer for the inductive 
energy stored in the magnetic ballast 402. The resistor 
429 limits the current stress in the capacitor 428 and the 
ballast 402 when the full AC supply or line voltage is 
applied during the ON interval in the chop cycle. During 
the OFF interval, the voltage on the ballast 402 decreas- 
es and there is an inrush of current into the capacitor 
428, i.e. free-wheeling. 

[0054] The firing stage 412 comprises a pulse width 
modulator 432 and a driver chip or integrated circuit 434, 
such as the I R21 2 1 . The pulse width modulator 432 gen- 
erates a pulse width modulated output signal 433. The 
output signal 433 has a variable duty cycle which is set 
by a chop voltage signal derived from a potentiometer 
436. The pulse width modulated output signal 433 is log- 
ically AND'd by logic gate 438 with a chop enable signal 
435 and inverted by an inverter 442 to produce a mod- 
ulation or chopping control signal 41 3. The chop enable 
signal 435 is active HIGH and produced by a chop en- 
able switch 440. When the chop enable signal 435 is set 
LOW, the current dimmer 401 is disabled and the lamp 
is operated at full intensity. The chopping control signal 
413 is applied to the input of the driver 434. The driver 
434 provides 0 to +15V offset to the chopping control 
signal 41 3 for turning the IGBT 422 ON and OFF. When 
the chopping control signal 41 3 is HIGH, the IGBT 422 
is ON and thus the AC switch 410 is closed, and a cur- 
rent derived from the AC line voltage will flow through 
the bridge 420 into the magnetic ballast 402 in the lamp 
assembly. Conversely, when the chopping control signal 
413 is LOW, the IGBT 422 is turned OFF and the AC 
switch 410 is opened, and a free-wheeling path across 
the load, i.e. the magnetic ballast 2, is established by 
the resistor 429 and capacitor 428 connected in parallel 
with the ballast 402. 

[0055] In experimental testing, it has been found that 
the open loop current controlled dimmer 401 provides 
an output intensity control range from full 100% power 
to 20% power before there is any noticeable flicker for 
a single ballast (i.e. lamp) arrangement. Advantageous- 
ly, the implementation for the open loop current control- 
led dimmer 401 is simplified and requires a single +15 
Volt power supply, a single IGBT 422 and bridge 420. 
[0056] The open loop current dimmer 401 may be ex- 
tended to control the output intensity of multiple lamp 
assemblies connected in parallel. For such an arrange- 
ment, a capacitance value of 0.75 u.F for the capacitor 
428 for each magnetic ballast 402 (connected in paral- 
lel) was found to be sufficient, and the need for the re- 
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sistor 429 is eliminated because of the natural damping 
of the circuit. In experimental testing for multiple ballasts 
402 (i.e. lamp assemblies), the open loop current dim- 
mer 401 was found to provide output intensity control 

5 overthe range of 1 00% (full power) to 70% output before 
therefore was any noticeable flicker in the light output. 
[0057] Reference is next made to Fig. 12 which shows 
another embodiment of a current controlled dimmer 404 
according to the present invention. The current control- 

10 led dimmer 404 is similar to the dimmer 401 of Fig. 1 1 
with the addition of a feedback control loop or circuit de- 
noted generally by reference 405. The current controlled 
dimmer 404 with feedback control circuit 405 is suitable 
for controlling a number of ballasts (i.e. lamp assem- 

*5 blies) connected in parallel and shown individually as 
402a,... 402N. 

[0058] As shown in Fig. 12, a capacitor 428' is con- 
nected in parallel across the ballasts 402. The capacitor 
428' has a capacitance value of 0.75 u,F for each ballast 
20 402, i.e. N x 0.75 uF. The capacitor 428* provides a free- 
wheeling path for the inductive energy stored in the 
magnetic ballast(s) 402 during the OFF intervals in the 
chopping cycle. 

[0059] Referring to Fig. 12, the IGBT 422 is turned ON 
25 and OFF, i.e. chopped, by a chopping or modulation 
control signal FS. The chopping control signal FS is gen- 
erated by the pulse width modulator generator 432. The 
chopping control signal FS output from the PWM gen- 
erator 432 is coupled to the driver 434 through a buffer 
30 450 and an opto-isolator 452. The buffer 450 is imple- 
mented using a discrete NPN transistor. The opto-iso- 
lator 452 is provided to allow for a floating power supply, 
and the output of the opto-isolator 452 is coupled to the 
base of the IGBT 26 through the driver chip 434. The 
35 driver chip 434 provides a 0 to +1 5V offset for the mod- 
ulation control signal FS for turning the IGBT 422 ON 
and OFF. 

[0060] The feedback control circuit 405 is implement- 
ed in similar fashion to the control circuit 16 described 

40 above with reference to Fig. 5. As shown in Fig. 12, the 
control circuit 1 6 comprises an amplifier 502, a filter and 
rectifier circuit 504, an error circuit 514, a manual de- 
mand (i.e. output intensity) adjust circuit 512, a propor- 
tional/integral feedback loop 525, and a PWM mixer 

4 $ 534. The proportional/integral feedback loop 525 com- 
prises an integral control branch 526, and a proportional 
control branch 528. 

[0061] The control circuit 1 6 generates a pulse width 
modulation level control signal PWMIev which deter- 

50 mines the pulse width or duty cycle of the modulation 
control signal FS. The modulation level control signal 
PWMIev is derived from a feedback current RS which 
flows in a shunt resistor 529. The feedback current RS 
is amplified and conditioned by the amplifier 502 and the 

55 filter and rectifier circuit 504 and provides one input to 
the error circu it 5 1 4. The amplifier 502 has an adjustable 
gain and is implemented in a similar fashion to the am- 
plifier 202 described above in FSg, 5. The filter and rec- 
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tifier circuit 504 is implemented in a similar fashion to 
the filter and rectifier 204 described above in Fig. 5. The 
other input to the error circuit 514 is the demand adjust 
signal V ADJ , which represents the desired output level 
for the lamp(s). The error circuit 514 produces an error 
signal Err which represents the difference between the 
actual intensity output (i.e. the feedback current RS) and 
the desired demand adjust level V ADJ . The error circuit 
514 is implemented in a similar fashion to the error cir- 
cuit 204 described above in Fig. 5. 
[0062] The error signal Err is fed to a proportional/in- 
tegral feedback control loop 525, and in particular the 
integral control branch 526 and the proportional control 
branch 528. The integral controller 526 is implemented 
in a similar fashion to the integral controller 226 de- 
scribed above in Fig. 5 and provides a long time con- 
stant and is intended to control the steady state level of 
the sinusoidal waveform. The integral controller 526 
generates a DC base voltage which represents the 
steady state PWM modulation rate for the pulse width 
modulation generator 432. The proportional controller 
528, on the other hand, is used to correct errors between 
the desired demand and the actual load current. The 
proportional controller 528 provides the dynamic mod- 
ulation signal which directs the pulse width modulation 
generator 432 to produce the desired sinusoidal shape 
for the AC current signal l AC . The proportional controller 
528 is implemented in a similar fashion to the controller 
228 described above in Fig. 5. The PWM mixer 534 mix- 
es the outputs from the integral controller 526 and the 
proportional controller 528 with a minimum PWM offset 
signal — P to generate the pulse width modulation level 
control signal PMWIev. The PWM mixer 534 is imple- 
mented in a similar fashion to the PWM mixer 234 de- 
scribed above in Fig. 5. 

[0063] Advantageously, the current controlled dim- 
mer with feedback control 404 utilizes only a single AC 
switching element and provides a free wheeling path 
(through the capacitor 428') which is static. By utilizing 
a static free wheeling path, the likelihood of a short cir- 
cuit through the output stage 414* is minimized and the 
need for trip circuits and synchronization signals is elim- 
inated. Advantageously, this reduces the component 
count and subsequent cost of the current controlled dim- 
mer 404. 

[0064] In experimental testing, it has been found that 
the current controlled dimmer 404 with feedback control 
provides an output intensity control range from full 1 00% 
powerto 65% power before there is any noticeable flick- 
er for multiple ballast(s), i.e. lamps. Below 65% output, 
a slight flickering was noticeable with possible tube drop 
outs. However, with the addition of the feedback control 
loop 405, the total power output will match the desired 
output level (i.e. demand adjust level), and if one tube 
drops out, the other tubes compensate as their individ- 
ual lumen output is increased to the total power output 
level. Advantageously, the current controlled dimmer 
404 provides smooth continuous control of the lumen 



output in a multiple lamp arrangement. 
[0065] Reference is made again to Fig. 11 , which also 
shows another embodiment for the single ballast current 
controlled dimmer 401 . As shown in Fig. 11 , circuitry in- 

5 side the broken outline box 450, namely, the pulse width 
modulator 432, the potentiometer 436, the logic gate 
438 and inverter 442, and the chop enable switch 440, 
are replaced by a microcontroller. The microcontroller is 
suitably programmed to generate the modulation or 

w chopping control signal 41 3 for the AC switching stage 
410. As will be described below, the microcontroller is 
programmed to provide predictive open loop control 
which is implemented in the form of a look-up table. The 
predictive look-up table provides appropriate duty cycle 

'5 levels for the pulse width modulation of the AC supply 
voltage applied to the ballast to generate the AC current 
signal which controls the intensity (i.e. output) of the flu- 
orescent lamp assembly. 

[0066] For the single ballast current controlled dim- 

20 rner 401 , the predictive open loop control comprises 
modulation of the duty cycle over each half cycle of the 
AC voltage that is being applied to the magnetic ballast 
402. Fig. 13 shows the relationship, over a half cycle, 
between the duty cycle of the modulated voltage applied 

25 to the magnetic ballast and the angular degrees of the 
input line voltage. The duty cycle is set to 100% (i.e. 
FULL ON) at and after the zero crossing of the line volt- 
age, and is maintained at 1 00% for the first part (501 )of 
the half cycle. The magnitude of the duty cycle is then 

30 decreased sharply, as shown for curve A in Fig. 13, and 
is maintained at a minimum value near the middle half 
(502) of the half cycle. A gradual increase in the duty 
cycle is performed in the second half (503) of the half 
cycle until 1 00% magnitude is reached. The 1 00% mag- 

35 nitude duty cycle is then maintained until the end of the 
half cycle. 

[0067] Referring still to Fig. 1 3, curve A shows a typ- 
ical pattern for the duty cycle modulation that is used for 
a 34 Watt Cool White type of fluorescent bulb. This pat- 

to tern is derived from observations of the PWM signal in 
the closed loop configuration for the current controlled 
dimmer 404 described above with reference to Fig. 12. 
The pattern of curve A is stored in the form of a look-up 
table in memory for the microcontroller and the micro- 

45 controller uses the look-up table to generate the chop- 
ping control signal 413 for the AC switching stage 410 
in the single ballast current controlled dimmer 401 of Fig. 
11. To provide an increased dimming level, each point 
in curve A is multiplied by a scaling factor to produce 

50 curve B. These points are then used to generate a chop- 
ping control signal for an increased dimming level. Sim- 
ilarly, to provide a decreased dimming level, each point 
in curve A is multiplied by another scaling factor to pro- 
duce curve C, and these points are used to generate the 

55 chopping control signal. The appropriate modulation 
pattern (e.g. curve B) is generated by the microcontroller 
in response to a user input (e.g. a switch input). 
[0068] Referring again to Fig. 11 , the AC switch 410 
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may be modified with an AC switch configuration 41 1 as 
shown in Fig. 14(b). The switch configuration 411 com- 
prises two transistors Q9 and Q10 and two anti-parallel 
diodes D6 and 07 and the implementation is readily ap- 
parent to one skilled in the art. 5 
[0069] The present invention may be embodied in oth- 
er specific forms without departing from the spirit or es- 
sential characteristics thereof. Therefore, the presently 
discussed embodiments are considered to be illustra- 
tive and not restrictive, the scope of the invention being 10 
indicated by the appended claims rather than the fore- 
going description, and all changes which come within 
the meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 

15 

Claims 

1. An apparatus (10) (300) (401) (404) for controlling 

the output intensity level of a gas discharge lamp 20 
(1) having a magnetic ballast (2) (402), said appa- 
ratus comprising: 

(a) means for coupling an AC supply voltage to 
the magnetic ballast for energizing the ballast 
to produce a discharge in the gas discharge 
lamp; 

(b) means for generating an intensity level sig- 
nal for setting the output intensity level for the 
lamp; 30 

(c) current source generator means for gener- 
ating a current from said AC supply voltage to 
sustain the discharge in the gas discharge 
lamp, said current source generator means be- 
ing responsive to a chopping control signal for 35 
varying the waveshape of the current and 
thereby varying the output intensity of the lamp; 

(d) controller means (16) for controlling said 
current source generator means, said control- 
ler means having means responsive to said in- 40 
tensity level signal for generating said chopping 
control signal with a duty cycle derived from 
said intensity level signal. 

2. The apparatus as claimed in claim 1 , wherein said 
controller means includes a pulse width modulator 
(132) (302) (432) for generating said chopping con- 
trol signal. 

3. The apparatus as claimed in claim 2, wherein said so 
means responsive to said intensity level signal in- 
cludes means for generating a modulation control 
signal and means responsive to said modulation 
control signal for generating said chopping control 
signal with a duty cycle derived from said intensity ss 
level signal. 

4. The apparatus as claimed in claim 3, wherein said 



controller means includes a current feedback con- 
trol loop (225) (405) comprising means for generat- 
ing a load current signal indicative of the current 
flowing in the ballast and means for adjusting said 
chopping control signal based on the difference be- 
tween the intensity level signal and the load current 
signal. 

The apparatus as claimed in claim 4, wherein said 
means for adjusting said modulation control signal 
comprises a proportional integral controller (303) 

(525) having an integral control loop (226) (346) 

(526) and a proportional control loop (228) (348) 
(528), said integral control loop including means for 
generating a steady state control signal corre- 
sponding to a steady state pulse width modulation 
rate for said pulse width modulator, and said pro- 
portional control loop including means for generat- 
ing an error signal based on the difference between 
the intensity level signal and the load current signal. 



6. The apparatus as claimed in claim 5, wherein said 
integral control loop includes means for introducing 
a delay so that said AC current lags said AC supply 

25 voltage to produce a power factor better than 0.9. 

7. Apparatus according to any of claims 2 to 6, wherein 
said current source generator means comprises an 
electronic AC switch (20) (410). 



8. The apparatus as claimed in claim 1 , wherein said 
means for generating a chopping control signal in- 
cludes a plurality of specific look-up tables each for 
storing a modulation pattern corresponding to a pre- 
determined current waveshape and a pre-deter- 
mined intensity level signal. 

9. The apparatus as claimed in claim 8 : wherein said 
means for generating a chopping control signal in- 
cludes scaling means for adapting said modulation 
pattern to a plurality of intensity level signals. 



10. The apparatus as claimed in claim 1 , further includ- 
ing a free-wheeling path means coupled across the 
4 $ lamp for permitting current changes in the lamp ir- 
respective of the relative phase angle of the current 
with the voltage. 



11. The apparatus as claimed in claim 10, wherein said 
_ free-wheeling path means comprises a positive 

free-wheeling path means for positive current cy- 
cles and a negative free-wheeling path means for 
negative current cycles. 

1 2. The apparatus as claimed in claim 1 1 , wherein each 
of said positive and negative free-wheeling path 
means comprising a transistor (32,34), a diode 
(36,38) and a drive circuit means (40,42) for actu- 
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ating the transistor in response to the appropriate 
cycles of said AC line voltage. 

13. The apparatus as claimed in claim 12, wherein said 
current source generator means couples said AC 
supply voltage to the magnetic ballast when said AC 
supply voltage is proximate a zero crossing. 

14. The apparatus as claimed in claim 1 , further includ- 
ing a parallel resonant load coupled across the 
lamp. 



(a) applying a voltage to the magnetic ballast 
for energizing the ballast and producing a dis- 
charge in the gas discharge lamp; 

(b) modulating the voltage to produce a current 
for maintaining the discharge in the gas dis- 
charge lamp, said current having a controllable 
waveshape; 

(c) inputting an intensity level signal for setting 
the output intensity of the lamp; 

(d) varying the modulation of the voltage in re- 
sponse to said intensity signal to control the 
waveshape of said current and thereby vary the 
output intensity of the gas discharge lamp. 

17. The method as claimed in claim 16, wherein said 
step of modulating further includes the step of intro- 
ducing a delay between said current and said volt- 
age to adjust the power factor to be at least 0.9 or 
better. 

18. The method as claimed in claim 16, wherein said 
step of modulating said voltage comprises pulse 
width modulation. 



Patenta nsp ruche 

1. Vorrichtung (10) (300) (401) (404) zur Steuerung 
des Ausgangshelligkeitspegels einer Gasentla- 
dungslampe (1 ) mit einem magnetischen Ballast (2) 
(402), wobei die Vorrichtung aufweist: 

(a) Mrttel zur Kopplung einer Versorgungs- 
wechselspannung mit dem magnetischen Bal- 
last zur Spannungsbeaufschlagung des Bal- 
lasts, urn eine Entladung in der Gasentladungs- 
lampe herbeizufuhren; 

(b) Mittel zur Erzeugung eines Helligkeitspegel- 
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15. The apparatus as claimed in claim 14, wherein said 
parallel load includes a capacitor (428) and a resis- 
tor (429) connected in series. is 

16. A method for controlling the output intensity level of 
a gas discharge lamp having a magnetic ballast, 
said method comprising the steps of: 
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signals zur Einstellung des Ausgangshellig- 
keitspegels fur die Lampe; 

(c) Stromquellengeneratormittel zur Erzeu- 
gung eines Stroms aus der Versorgungswech- 
selspannung, urn die Entladung in der Gasent- 
ladungslampe zu unterhatten, wobei die Strom- 
quellengeneratormittel auf ein Zerhackersteu- 
ersignal zum Variieren der Wellenform des 
Stroms ansprechen und dadurch die Aus- 
gangshelligkeit der Lampe variieren; 

(d) Steuerungsmittel (16) zum Steuern der 
Stromquellengeneratormittel, wobei die Steue- 
rungsmittel Mittel enthalten, die auf das Hellig- 
keitspegelsignal ansprechen, urn das Zerhak- 
kersteuersignal mit einer Impulsdauer zu er- 
zeugen, die vom Helligkeitspegelsignal abge- 
leitet wird. 

Vorrichtung nach Anspruch 1 , bei der die Steue- 
rungsmittel einen Impulsbreitenmodulator (132) 
(302) (432) zum Erzeugen des Zerhackersteuersi- 
gnals enthalten. 

Vorrichtung nach Anspruch 2, bei der die auf den 
Helligkeitspegel ansprechenden Mittel Mittel zum 
Erzeugen eines Modulationssteuersignals und auf 
das Modulationssteuersignal ansprechende Mittel 
zum Erzeugen des Zerhackersteuersignals mit ei- 
ner vom Helligkeitspegelsignal abgeleiteten Im- 
pulsdauer enthalten. 

Vorrichtung nach Anspruch 3, bei der das Steuer- 
gerat einen Stromregelkreis (225) (405) enthalt, der 
Mittel zum Erzeugen eines den im Ballast fliefcen- 
den Strom anzeigenden Laststromsignals und Mit- 
tel zur Einstellung des Zerhackersteuersignals auf 
Basis der Differenz zwischen dem Helligkeitspegel- 
signal und dem Laststromsignal aufweist. 

Vorrichtung nach Anspruch 4, bei der die Mittel zur 
Einstellung des Modulationssteuersignals einen 
Proportional-lntegral-Regler (303) (525) mit einem 
Integral-Regelkreis (226) (346) (526) und einem 
Proportional-Regelkreis (228) (348) 528) aufwei- 
sen, wobei der Integral-Regelkreis Mittel zum Er- 
zeugen eines statischen Steuersignals entspre- 
chend einer statischen Impulsbereitenmodulations- 
rate fur den Impulsbreitenmodulator enthalt und der 
Proportional-Regelkreis Mittel zum Erzeugen eines 
Fehlersignals auf Basis der Differenz zwischen dem 
Helligkeitspegelsignal und dem Laststromsignal 
enthalt. 

Vorrichtung nach Anspruch 5, bei der der Integral- 
Regelkreis Mittel zum Einfuhren einer Verzogerung 
enthalt, so dass der Wechselstrom die Versor- 
gungswechselspannung verzogert, urn einen Lei- 
stungsfaktor besser als 0,9 zu erzielen. 
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7. Vorrichtung nach einem der Anspruche 2 bis 6, bei 
der die Stromquellengeneratormittel einen elektro- 
nischen Wechselstromschalter (20) (410) aufwei- 



sen. 



8. Vorrichtung nach Anspruch 1 , bei der die Mittel zum 
Erzeugen eines Zerhackersteuersignals eine Viel- 
zahl spezifischer Nachschlagetabellen enthalten, 
von denen eine jede ein Modulationsmuster ent- 
sprechend einer vorgegebenen Stromwellenform 
und eines vorgegebenen Heiligkeitspegelsignals 
speichert. 

9. Vorrichtung nach Anspruch 8, bei der die Mittel zum 
Erzeugen eines Zerhackersteuersignals Skalie- 
rungsmittel zum Anpassen des Modulationsmu- 
sters an eine Vielzahi Helligkeitspegelsignale ent- 
halten. 

10. Vorrichtung nach Anspruch 1, die des Weiteren 
iiber die Lampe gekoppelte Freilaufpfadmittel ent- 
halt, um Stromanderungen in der Lampe ungeach- 
tet des relativen Phasenwinkels des Stroms mit der 
Spannungzu ermoglichen. 

11. Vorrichtung nach Anspruch 10, bei der die Freilauf- 
pfadmittel positive Freilaufpfadmittel fur positive 
Stromzyklen und negative Freilaufpfadmittel fur ne- 
gative Stromzyklen aufweisen. 

1 2. Vorrichtung nach Anspruch 1 1 , bei der jedes der po- 
sitiven und negativen Freilaufpfadmittel einen Tran- 
sistor (32, 34), eine Diode (36, 38) und Treiber- 
schaltungsmittel (40, 42) zur Aktivierung des Tran- 
sistors in Reaktion auf entsprechende Zyklen der 
Versorgungswechselspannung aufweisen. 

13. Vorrichtung nach Anspruch 12, bei der die Strom- 
quellengeneratormittel die Versorgungswechsel- 
spannung mit dem magnetischen Ballast koppeln, 
wenn sich die Versorgungswechseispannung ei- 
nem Nulldurchgang nahert. 

14. Vorrichtung nach Anspruch 1 , die des Weiteren eine 
parallele iiber die Lampe gekoppelte Resonanzlast 
enthalt. 

15. Vorrichtung nach Anspruch 14, bei der die parallele 
Last einen Kondensator (428) mit einem in Reihe 
geschalteten Widerstand (429) enthalt. 

16. Verfahren zurSteuerung des Ausgangshelligkeits- 
pegels einer Gasentladungslampe mit einem ma- 
gnetischen Ballast, mit den Schritten: 

(a) Anlegen einer Spannung an den magneti- 
schen Ballast zur Spannungsbeaufschlagung 
des Ballasts und Erzeugung einer Entladung in 
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der Gasentladungslampe; 

(b) Modulieren der Spannung zum Erzeugen 
eines Stroms zum Untemalten der Entladung 
in der Gasentladungslampe, wobei der Strom 
eine steuerbare Wellenform hat; 

(c) Eingeben eines Heiligkeitspegelsignals 
zum Einstellen der Ausgangshelligkeit der 
Lampe; 

(d) Variieren der Spannungsmodulation in Re- 
aktion auf das Helligkeitssignal, um die Wellen- 
form des Stroms zu steuern und dadurch die 
Ausgangshelligkeit der Gasentladungslampe 
zu variieren. 



J 5 17. Verfahren nach Anspruch 16, bei dem der Modula- 
tionsschritt des Weiteren den Schritt der Einfuhrung 
einer Verzogerung zwischen dem Strom und der 
Spannung enthalt, um den Leistungsfaktor auf min- 
destens 0,9 oder besser einzustellen. 
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18. Verfahren nach Anspruch 16, bei dem der Schritt 
der Spannungsmodulation eine Impulsbrertenmo- 
dulation aufweist. 



Revend (cations 

1. Un appareil (10) (300) (401) (404) pour commander 
le niveau d'intensite d'emission d'une lampe a de- 
charge dans un gaz (1), ayant un ballast magn&i- 
que (2) (402), cet appareil comprenant : 

(a) un moyen pour coupler une tension d'ali- 
mentation alternative au ballast magn&ique 
pour exciter le ballast de facon a produire une 
decharge dans ia lampe a decharge dans un 
gaz; 

(b) un moyen pour geneYer un signal de niveau 
d'intensite pour regler le niveau d'intensite 
demission pour la lampe; 

(c) un moyen g6ne>ateur de source de courant 
pour generer un courant a partir de la tension 
d'alimentation alternative de facon a entretenir 
la decharge dans la lampe a decharge dans un 
gaz, ce moyen g^nerateur de source de cou- 
rant reagissant a un signal de commande de 
decoupage en faisant varier la forme d'onde du 
courant et en faisant varier I'intensite d'emis- 
sion de la lampe; 

(d) un moyen de commande (16) pour com- 
mander le moyen g6ne>ateurde source de cou- 
rant, ce moyen de commande comportant un 
moyen qui reagit au signal de niveau d'intensite 
en gene>ant le signal de commande de decou- 
page avec un rapport cyclique determine a par- 
tir du signal de niveau d'intensite. 

2. L'appareil selon la revendication 1 , dans lequel le 
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moyen de commande comprend un modulateur 
d'impulsions en largeur (132) (302) (432) pour ge- 
nerer le signal de commande de decoupage. 

3. L'appareil selon la revendication 2, dans lequel le 5 
moyen reagissant au signal de niveau d'intensite 
comprend un moyen pour generer un signal de 
commande de modulation et un moyen reagissant 

au signal de commande de modulation en g6n6rant 
le signal de commande de decoupage avec un rap- io 
port cyclique determine a partir du signal de niveau 
d'intensite. 

4. L'appareil selon la revendication 3, dans lequel le 
moyen de commande comprend une boucle d'as- *5 
servissement de courant (225) (405) comprenant 

un moyen pour generer un signal de courant de 
charge indiquant le courant qui circule le ballast, et 
un moyen pour regler le signal de commande de 
decoupage sur la base de la difference entre le si- 20 
gnal de niveau d'intensite et le signal de courant de 
charge. 

5. L'appareil selon ia revendication 4, dans lequel le 
moyen pour r6gler le signal de commande de mo- 25 
dulation comprend un regu I ateur proportion nel - in- 
tegral (303) (525) ayant une boucie a action inte- 
grate (226) (346) (526) et une boucle a action pro- 
portionnelie (228) (348) (528), ia boucle a action in- 
tegrate comprenant un moyen pour generer un si- 30 
gnal de commande de regime permanent corres- 
pondant a un rapport de modulation d'impulsions en 
largeur de regime permanent pour le modulateur 
d'impulsions en largeur, et la boucle a action pro- 
portionnelle incluant un moyen pour generer un si- 35 
gnal d'erreur sur la base de la difference entre le 
signal de niveau d'intensite et le signal de courant 

de charge. 

6. L'appareil selon ia revendication 5, dans lequel la *o 
boucle a action integrate comprend un moyen pour 
introduce un retard, de facon que le courant alter- 
natif ait un retard de phase par rapport a la tension 
d'alimentation alternative pour produire un facteur 

de puissance meilleur que 0,9. 45 

7. Appareil selon I'une quelconque des revendications 
2 a 6, dans lequel le moyen generateur de source 
de courant comprend un element de commutation 
eiectronique fonctionnant en alternatif (20) (41 0). so 

8. L'appareil selon la revendication 1 , dans lequel le 
moyen pour g6n6rer un signal de commande de de- 
coupage comprend une multiplied de tables spe- 
cifiques, chacune d'elles 6tant destinee a stocker ss 
une configuration de modulation correspondant a 
une forme d'onde de courant pr6determinee et un 
niveau de signal d'intensite predetermine. 
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9. L'appareil selon ia revendication 8, dans lequel le 
moyen pour generer un signal de commande de de- 
coupage comprend un moyen de mise a rechelle 
pour adapter la configuration de modulation a une 
multiplicity de signaux de niveau d'intensite. 

10. L'appareil selon la revendication 1 , comprenant en 
outre un circuit de roue libre couple aux bomes de 
la lampe pour permettre des changements de cou- 
rant dans la lampe independamment de Tangle de 
phase relatif du courant avec la tension. 

11. L'appareil selon la revendication 10, dans lequel le 
circuit de roue libre comprend un circuit de roue li- 
bre positif pour des cycles de courant positif et un 
circuit de roue libre negatif pour des cycles de cou- 
rant negatif. 

12. L'appareil selon la revendication 11, dans lequel 
chacun des circuits de roue libre positif et negatif 
comprend un transistor (32, 34), une diode (36, 38) 
etun circuit d'attaque (40,42) pour actionnerle tran- 
sistor en reponse aux cycles appropries de la ten- 
sion d'alimentation alternative. 

13. L'appareil selon la revendication 12, dans lequel le 
moyen generateur de source de courant couple la 
tension d'alimentation alternative au ballast magne- 
tique lorsque la tension d'alimentation alternative 
est proche d'un passage par zero. 

1 4. L'appareil selon ia revendication 1 , incluant en outre 
une charge resonnante parallele couptee aux bor- 
nes de la lampe. 

15. L'appareil selon la revendication 14, dans lequel la 
charge paraltele comprend un condensateur (428) 
et une resistance (429) connectes en serie. 

16. Un procede pour commander le niveau d'intensite 
d'emission d'une lampe a decharge dans un gaz 
ayant un ballast magnetique; ce procede compre- 
nant les etapes suivantes : 

(a) on applique une tension au ballast magne- 
tique pour exciter le ballast et produire une de- 
charge dans la lampe a decharge dans un gaz; 

(b) on module la tension pour produire un cou- 
rant de facon a entretenir la decharge dans la 
lampe a decharge dans un gaz, ce courant 
ayant une forme d'onde qui peut etre comman- 
dee; 

(c) on applique un signal de niveau d'intensite 
pour regler Pintensite d'6mission de la lampe; 

(d) on faire varier la modulation de la tension 
en reponse au signal d'intensite pour comman- 
der la forme d'onde du courant et faire varier 
ainsi I'intensite d'emission de la lampe a de- 
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charge dans un gaz. 

17. Le procede selon la revendication 16, dans lequel 
Tetape de modulation comprend en outre I'etape 
consistant a introduire un retard entre le courant et 5 
la tension pour regler le facteur de puissance de fa- 
con qu'il soit au moins de 0,9 ou mieux. 

18. Le procede selon la revendication 16, dans lequel 
I'etape de modulation de la tension comprend I'ap- 10 
plication d'une modulation d'impulsions en largeur. 
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